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[57] ABSTRACT 

In a distortion compensating circuit, an initial value 
sufficient to provide a distortion compensating effect is 
previously set in a memory storage for storing distor- 
tion compensating data, whereby the convergence time 
of the distortion compensating effect is shortened. 
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FIG. 2 
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FIG. 3A 

(PRIOR ART) 
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FIG. 4A 
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m^.t^, Reference numeral 315 is a quadrature demodulator 

DISTORTION COMPENSATING CIRCUIT for demodulating a part of the output taken out from the 

* output of the afore-mentioned power amplifier 400 by 

BACKGROUND OF THE INVENTION the aforementioned coupler 401, and 316 is an analog. 

1. Field of the Invention 5 to-digital converter (hereinafter referred to as an A/D 
The present invention relates to a distortion compen- converter) for converting an analog value outputted 

sating circuit for compensating nonlinear distortion of * lom me quadrature demodulator 315 into a digital 
the output signal of an amplifier for amplifying a trans- value - Reference numeral 317 is a subtracting circuit 
mining power, by a digital modulation using, for exam- which is comparing means for subtracting the output of 
pie, a quadrature modulation such as a quadrature am- 10 me A/D converter 316 from the afore-mentioned Sam- 
plitude modulation (hereinafter referred to as QAM). pl ed values 30a and 306, 318 is a correcting amount 

2. Description of the Related Art generating circuit for calculating, based on the output 
FIG. 1 is a diagram showing a conventional distor- °f tne subtracting circuit 317, an amount for correcting 

tion compensating circuit disclosed in, for example, a *e contents in the afore-mentioned RAM 310, and 319 
Japanese Patent Publication (Kokai) No. 61-214843. In * * calculating circuit for adding the output of the cor- 
FIG. 1, reference numeral 1 is an input terminal to recting amount generating circuit 318 and the output of 
which a tnmsmitting bit series 10 is inputted, 2 is an afore-mentioned RAM 310, or for subtracting the 

output terminal from which a modulated output is out- output of the correcting amount generating circuit 318 
putted, and 3 is a clock terminal to which sampling 20 hom the output of the afore-mentioned RAM 310, and, 
clocks 21 are inputted. based on the output, for adaptively rewriting the con- 

Also, reference numeral 100 is a mapping circuit for tents in the RAM 310. 
generating symbolic codes 20a and 20* from the trans- Next, an operation will be described The modulation 
mitring bit series, and 200 is a waveform shaping filter may be any type as long as it is a digital modulation 
for generating sampled values 30a and 30* sampled 2 $ wn i cn k capable of carrying out the quadrature modu- 
from the symbolic codes 20a and 20*, by using a read- lation. Here, an explanation will be given for the case in 
only memory (hereinafter referred to as a ROM). Refer- which, as an example of the modulation, the 16-value 
ence numeral 300 is a distortion compensating circuit, QAM is employed, and the arrangement of the signal 
called as an adaptive digital predistorter, for compensate points in the phase plane is as shown in FIG. 2. 
ing a nonlinear distortion generated when an amplifica- 30 The mapping circuit 100 generates the symbolic 
tion is effected by a later described power amplifier. codes 20a and 20* from the transmitting bit series 10 
Reference numeral 400 is the afore-mentioned power inputted into the input tenninal 1. Here, 20a represents 
amplifier as an amplifier, and 401 is a coupler for taking the symbolic codes of the same-phase component (I 
out a part of the output signal of the power amplifier component), and 20* represents the symbolic codes of 
400. Reference numeral 402 is an attenuator for attenu- 35 the orthogonal component (Q component). In the fol- 
ating the signal taken out from the coupler 40L lowing description, the suffix a is added to the I compo- 

In the waveform shaping filter 200, - reference nu- nent of the signal, and the suffix b is added to the Q 
meral 210 is a frequency divider by dividing the sam- component of the signal. 

pling clocks 21 into 2 N (where, N is an integer) to form In the 16-value QAM, there are several methods of 
symbolic clocks 22, and 211 is a ^counter for counting 40 mapping in the mapping circuit 100. For example, the 
the afore-mentioned sampling clocks. Reference nu- symbolic codes 20a and 20* are generated from the 
meral 212 is a shift register for shifting the symbolic transmitting bit series 10 as follows. First, the transmit- 
codes 20c and 20* in response to the afore-mentioned ting bit series 10 is cut into every four bits to be Coo, C10, 
symbolic clocks 22, and 213 is a read-only memory C20, C30 | On, Cn, C21, C31 | . . . | Co„, Ci„, C 2 „, C 3 „ 

(ROM) from which the sampled values 30a and 30* are 45 | Then, So a and S\ n are deterrnined by the flowing 

read by using the counted value from the afore-men- expressions: 
tioned counter 211 and the contents of the afore-men- 
tioned shift register 212. n 

In the distortion compensating circuit 300, reference SOn 23 k £ 0 < 2C0k + Clk > ( mod4 > 

numeral 310 is a random-access memory (hereinafter 50 
referred to as a RAM) to which a reading address „ « 

formed by the outputs 23a and 23* of the afore-men- " k=o + C3k> (rood4) 

tioned shift register 212 and the output 24 of the afore- 
mentioned counter 211 is given for outputting a distor- Assuming that each 'of the symbolic codes 20a of the 
tion compensating value to compensate the non- 55 I components are expressed by (aOn, alii), and each of 
linearity of the output of the power amplifier 400, and the symbolic codes 20* of the Q components are ex- 
311 is a first adding circuit for adding the distortion pressed by (b0«, blfl), then the symbolic codes (aO/i, 
compensating value outputted from the RAM 310 and al/t) and (b0/i, bin) are determined in such a way that 
the afore-mentioned sampled values 30a and 30*. The the Gray code expression for the SOn is aOabO/z and the 
RAM 310 and the first adding circuit 311 constitute 60 Gray code expression for the Sin is alnbln. By generat- 
distortion pre-correcting means. Reference numeral 312 ing impulses having voltages —3a, —a, a,and 3a at 
is a digital to analog converter (hereinafter referred to symbol points for the symbol codes (00), (01), (10), and 
as a D/A converter) for converting a digital value out- (11) of the thus obtained I and Q components, the signal 
putted from the first adding circuit 311 into an analog point arrangement shown in FIG. 2 can be obtained, 
value, 313 is an oscillator for generating a carrier wave, 6$ The thus generated I components and the Q compo- 
and 314 is a quadrature modulator for modulating the nents of the base band signal are, as shown in FIG. 3A 
carrier wave outputted from the oscillator 313 by the as an example, discontinuous waveforms in time. Usu- 
output of the D/A converter 312. ally, in order to limit the band of the modulated waves, 
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the base band signal is passed through a not-shown the same sampled value appears again in the base band 
low-pass filter (hereinafter referred to as a LPF) to signal, a distortion equivalent to the distortion provided 
obtain a continuous waveform as shown in FIG. 3B. by the power amplifier 400 has been previously added 
When a unit impulse is inputted into the LPF, a re- to the sampled value in the reverse direction so that the 
sponse waveform is assumed to be generated in the 5 distortion by the power amplifier 400 can be canceled, 
three symbol intervals before and after the symbol This is effected by reading the distortion value of the 
point, as shown in FIG. 4A as an example, or the re- sampled value previously stored in the memory storage 
sponse waveform at the intervals other than the three 310, and by adding it to the sampled value of the base 
symbol intervals is assumed to be so small as to be negli- band signal. 

gible. Then, when the impulse series as shown in FIG. 10 In the following, the operation of the circuit shown in 
4A are inputted into the LPF, the output waveform FIG. 1 will be described. The RAM 310 is reset at the 
outputted from the LPF in a certain symbol interval is initial time of operation so that a distortion correcting 
a combolution of the impulse response waveforms of amount 0 is stored therein. After starting the operation, 
the three symbols before the symbol interval and the the first adding circuit 311 adds the sampled values 30a, 
tree symbols after the symbol interval. 15 30b, and the outputs of the RAM 310, to obtain the base 

The waveform in the symbol interval is sampled by a band signals 31<z and 3\b. The address of the RAM 310 
sampling clock which is 2* (where N is an integer) is designated by using the position information 23a and 
multiplied by the symbolic clock, and is quantized with 23b in the symbol interval of the sampled value output- 
a resolution of B bits (where B is an integer). In FIG. ted from the counter 211 in the wavaform shaping filter 
4B, a case for N=3 is shown in which black dots on a 20 200, and the symbolic codes 24 before and after the 
waveform represent the respective samples, and are sampled value outputted from the shift register 212. The 
denoted by numbers n=0, n=l , . . , n=7 from the top base band signals 31a and 316 are converted into analog 
of the symbol interval. signals by the D/A converter 312. The orthogonal 

As described above, in the output of the LPF, the modulator 314 modulates the carrier wave 313 by the 
sampling value at any position of any symbol interval 25 output of the D/A converter 312. The modulated car- 
can be determined by detennining K symbols before the rier wave is amplified by the power amplifier 400 and is 
symbol interval, K symbols after the symbol interval, outputted from the output terminal 2. 
and the position in the symbol interval. Accordingly, by A part of the output of the power amplifier 400 is 
previously calculating sampling values for all combina- taken out by the coupler 401 and is attenuated to an 
tion of the symbols and for all positions, and by storing 30 appropriate level by the attenuator 402 and is demodu- 
the values quantized by B bits in a memory storage, the lated into a base band signal by the orthogonal demodu- 
output waveforms of the LPF can be obtained by read- lator 315. The base band signal is converted into digital 
ing the contents in the memory storage with reading values by the A/D converter 316, and are subtracted 
addresses equal to the position information of the K from the sampled values 30a and 30b which are to be 
symbols before the symbol interval and K symbols after 35 transmitted. Since the RAM 310 does not store the 
the symbol interval and the position information of the distortion correcting amount for canceling the distor- 
sample. tion due to the non-linearity of the power amplifier 400 

The waveform shaping filter 200 operates based on immediately after the start of the operation of the power 
the above-described principle. The sampling clock 21 amplifier 400 and the distortion compensating circuit 
inputted from the clock terminal 3 is divided by 2 N by 40 301, the output of the subtracting circuit 317 is not zero 
the frequency divider 210 to be the symbolic clocks 22 so that the distortion amount due to the non-linearity is 
which drive the shift register 212 to shift the symbol outputted. When the same sampled values again appear 
codes 20a and 20b outputted from the mapping circuit in the base band signals 30a and 306, the sign (H-/±) of 
100. The shift register 212 always store the newest 2K this distortion amount and the correcting amount of the 
symbolic codes so that the outputs 23a and 23b give the 45 distortion are adjusted in such a way that a distortion 
symbolic codes of the K symbols before the symbol added by the power amplifier 400 b canceled. The dis- 
interval and the K symbols after the symbol interval. tortion correcting amount is stored in the RAM 310. 

Also, the 2 N counter 211 counts the sampling clocks Namely, the correcting amount generating circuit 318 
21 to output the position in the symbol clock. By using multiplies a (0<a^l) with the output of the subtracting 
the outputs 23a and 236 of the shift register 212 and the 50 circuit 317 and outputs it The subtracting circuit 319 
position information outputted from the counter 211 as adds the output of the correcting amount generating 
a reading address, the contents of the ROM 213, which circuit 317 and the output of the RAM 310 and writes it 
previously stores the above-mentioned sampling values into the RAM 310. In this way, the compensating dis- 
for all combination of the symbols and for all positions, tortion amount is adaptively controlled and rewritten in 
is read to obtain the sampling values 30a and 30b. 55 the RAM 310. 

To compensate a nonlinear distortion generated As a reference document disclosing a circuit similar 
when a modulated signal is amplified by the power to the above-mentioned conventional distortion corn- 
amplifier 400 after the orthogonal modulation of the pensating circuit, there is a Japanese Patent Publication 
carrier wave 313 by using the sampled values 30a and (Kokai) No. 61-214843 as an example. As a reference 
30* of the base band signal, the distortion compensating 60 document disclosing the waveform shaping filter 200 
circuit 300 operates as follows. Namely, for each sam- using the ROM, there are a paper entitled "Digital 
pled value, a part of the output of the power amplifier Filter-Modulation Combination for Data Transmission" 
400 is taken out to be demodulated by the orthogonal written by N. Boutin, et al., IEEE transaction on Corn- 
demodulator 315, and a difference between the sampled munication, volume 25, No. 10, October, 1977, and so 
value and the demodulated value is obtained by the 65 forth. FIG. 5 shows a time chart of the operation of the 
subtracter 317. Thereby, the distortion amount in the distortion compensating circuit The write control to 
power amplifier 400 with respect to the sampled value the RAM 310 is carried out when the distortion corn- 
can be determined and is stored in the RAM 310. When pensating circuit starts to operate so that the distortion 
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compensation effect is gradually increased until it is distortion compensating value at the end of a previous 
converged into a certain value which provides a suffi- operation, the circumferential temperature of the ampli- 
cient effect. When the power is cut or when the opera- fier, the amplification degree, the output level of the 
tion is stopped, the write control is reset. Each time the amplifier, and so forth, whereby the convergence time 
distortion compensating circuit starts to operate, the 5 of the distortion compensating effect is greatly short- 
write control of the RAM 310 is carried out so that the ened. 

distortion compensation effect is gradually increased The above and further objects and novel features of 

until it is converged into a certain value which provides the invention will more fully appear from the following 

a sufficient effect. This operation is repeated detailed description when the same is read in connec- 

Since the conventional distortion compensating cir- 10 tion with the accompanying drawings. It is to be ex- 

cuit is constructed as above, the contents of the RAM pressly understood, however, that the drawings are for 

300 are reset each time the power amplifier 400 and the purpose of illustration only and are not intended as a 

distortion compensating circuit 300 start to operate. definition of the limits of the invention. 
Therefore, almost all values in the RAM 310 must be 

rewritten in the time interval from the start of the opera- 15 BRIEF DESCRIPTION OF THE DRAWINGS 

tion of the distortion compensating circuit 300 to the FIG. 1 is a block diagram showing an example of a 

convergent state m which the sufficient effect for the modulating apparatus employing a conventional distor- 

distordon compensation is obtained. As a result, as tion compensating circuit; 

shown in FIG, 5, there is a problem in that it takes a FIG. 2 is a diagram explaining an arrangement of 

long time each time from the start of the operation of 20 signal points in the 16-value QAM; 

the distortion compensating circuit 300 to the conver- FIG 3A is a wave fonn diagram showing a base band 

gent state of the distortion compensating effect. signal ^fore passing a i ow . pass mter; 

SUMMARY OF THE INVENTION 3B is a wav eform diagram showing a base band 
T . ... ■ „ , signal after passing a low-pass filter; 
In view of the foregoing, it is an object of the present 25 pro. 4A is a waveform diagram showing an impulse 
invention to provide a distortion compensating circuit response of a band limiting filter 
which can shorten the time from the start of on or after HG. 4B is a waveform diagram showing a superpose 
the second operation of the distortion compensating tion of the impuke wavefonra 
circuit to the convergent state fa i which a sufficient FIG. 5 is a diagram explaining the relation among the 
distortion compensatog effect is obtained. 30 ation of j£ conven £ onal distortion compensating 
fa^SS ^ g ^ ! P ^ circuit, the write control to a memory (RAM) and the 
for achieving the above-mentioned objects, there is Morion compensating effect in the conventional dis- 
proved a distortion compensating circuit for compen- tortion competing ckcuit; 
Sp\^ 35 FIG.6*ablock^ 

-m.. aulZmZz ~T ■ . ratus employing a distortion compensatmg circuit ac- 

"ZZFTTF ST"" l°S «*°*g to an embodiment of the present invention; 

TnlZTSn^^ b intermittently operated, di agram «p laimng & reIation ^ongthe 

* C ' U <^f "T 18 operation of the distortion compensating circuh, the 

^rt^Ltlf^r^r^ 8 **r^ZJ*T » control to a memory (RAM), and lie distortion 
Hon m the output of the amplifier, and a subtracter for 40 WW , F ^ M4 . + - 

subtracting the distortion compensating data in the StTc^n f^l dlSt0rtl ° n """P**"** 

memory storage from the base band signal to output a fi . J^E"?' ?f « , , «- 

corrected base band signal, a modulatorfor modulating KG - 8 a , bl ?° k shpwm S a modulatui ? 

a carrier signal by the corrected base band signal out* "n*"* 08 "P**** * JS?^ C ™P CTSatin * circmt 

putted fronfthe extortion correcting means toTtput a 45 to ^ embodiment of * e P resent mven ' 

modulated signal to the amplifier, a demodulator for Si? 1 * ... . . . A , . ^ . 

demodulating a part of the signal outputted from the FI< £ 9 B Iffi™"* ^ 

amplifier, comparing means for comparing the demodu- operation of Ae distortion ^mpensaung circuit, the 

lated signal outputted from the demodulator with the wnte con ?° 1 to * memor * . and * e Portion 

base band signal to output the distortion compensating 50 com Pf>fmg effect m the distortion compensatmg 

data to the memory storage, and initial value setting cucmt shown m ^ 8 ' 

means for setting an initial value of the distortion com- DESCRIPTION OF THE PREFERRED 

pensating data in the memory storage. The initial value EMBODIMENTS 

is sufficient for compensating the distortion. p 

According to the second aspect of the present inven- 55 Embodiment 1 

tion, the initial value is the distortion compensating data In the following, an embodiment of the present inven- 

generated at the end of the previous operating period of tion will be described with reference to the drawings, 

the distortion correcting means. FIG. 6 is a block diagram showing a modulating appa- 

According to the third aspect of the present inven- ratus employing a distortion compensating circuit ac- 
tion, the initial value is determined by a combination of 60 cording to an embodiment of the present invention. In 
a temperature, an amplification degree, an output level, the figure, the same reference numerals as those in the 
a power supply voltage, an output impedance, and an conventional modulating apparatus represent the same 
input impedance of the amplifier. or corresponding parts. Describing these parts again, 

As stated above, according to the present invention, reference numeral 1 is an input terminal to which a 

before operating the distortion compensating circuit 65 transmitting bit series 10 is inputted, 2 is an output ter- 

and the amplifier, the initial value of the distortion com- minal from which a modulated output is outputted, and 

pensating amount is not started from zero but a certain 3 is a clock terminal to which sampling clocks 21 are 

distortion compensating value, taking into account the inputted. 
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Also, reference numeral 100 is a mapping circuit for According to the embodiment of the present inven- 
generatmg symbolic codes 20a and 206 from the trans- tion, there is provided a controller 320 for controlling 
mittmg bit series, and 200 is a waveform shaping filter the RAM 310 to allow or not to allow a write-in opera- 
tor generating sampled values 30a and 306 sampled tion of the output of the calculating circuit 319 into the 
from the symbolic codes 20a and 206, by using a read- 5 RAM 310. 

only memory (hereinafter referred to as a ROM). Refer- Next, the operation of the apparatus shown in FIG. 6 
ence numeral 300 is a distortion compensating circuit, will be described with reference to FIG. 7. Here, since 
called as an adaptive digital predistorter, for compensat- the basic operation is similar to the one in the conven- 
ing a nonlinear distortion generated when an amplifica- tional apparatus, the explanation thereof is omitted. The 
tion is effected by a later described power amplifier. 10 write control in the RAM 310 is mainly described. In 

Reference numeral 400 is the afore-mentioned power the first operation of the distortion compensating circuit 
amplifier as an amplifier, and 401 is a coupler for taking 301 and the power amplifier 400, the operation is the 
° f ^ out P ut si S^\ of the power amplifier same as that in the conventional circuit Namely, the 
400. Reference numeral 402 is an attenuator for attenu- RAM 310 is reset before the starting time Tl of the 
atrng the signal taken out from the coupler 401. is write control to the RAM 310 so that the distortion 

In the waveform shaping filter 200, reference nu- correcting amount stored in the RAM 310 is zero at the 
meral 210 is a frequency divider by dividing the sam- starting time Tl of the operation of the distortion com- 
pkng clocks 21 into 2*(where, N is an integer) to form pensating circuit 301. Therefore, the convergence time 
symbolic clocks 22, and 211 is a 2^counter for counting is long. After the convergence of the distortion com- 
the afore-mentioned sampling clocks. Reference nu- 20 pensating effect is finished at a time T2 after a sufficient 
meral 212 is a shift register for shifting the symbolic time has passed from the time Tl, the data which has 
codes 20a and 206 in response to the afore-mentioned been written in the RAM 310 is sufficient to compensate 
symbolic clocks 22, and 213 is a read-only memory the nonlinear distortion of the power amplifier 400. 
(ROM) from which the sampled values 30a and 306 are Then, when the amplifying operation and the distortion 
read by using the counted value from the afore-men- 25 compensating operation are to be temporarily stopped 
tioned counter 211 and the contents of the afore-men- at a time T3 for example, the controller 320 inhibits to 
honed shift register 212. write data from the calculating circuit 319 into the 

In the distortion compensating circuit 301, reference RAM 310. 
numeral 310 is a random-access memory (hereinafter If the power supply is cut at the time T3, the control- 
referred to as a RAM) to which a reading address 30 ler 320 inhibits to write data into the RAM 310 and, at 
formed by the outputs 23a and 236 of the afore-men- the same time, the controller 320 keeps a power to be 
tioned shift register 212 and the output 24 of the afore- supplied to at least the RAM 310 to back up it in order 
mentioned counter 211 is given for outputting a distor- to prevent the destruction of the contents in the RAM 
tion compensating value to compensate the non- 310. When the distortion compensating circuit 301 and 
linearity of the output of the power amplifier 400, and 35 the power amplifier 400 are to be operated again, the 
311 is a first adding circuit for adding the distortion contents in the afore-mentioned backed up RAM 310 
compensating value outputted from the RAM 310 and are used as an initial value, and then the controller 320 
the afore-mentioned sampled values 30a and 306. The enables the RAM 310 to be written data therein. 
RAM 310 and the first adding circuit 311 constitute 

distortion pre-correcting means. Reference numeral 312 40 Embodiment 2 

is a digital to analog converter (hereinafter referred to In the following, a distortion compensating circuit 
as a D/A converter) for converting a digital value out- according to another embodiment of the present inven- 
putted from the first adding circuit 311 into an analog tion will be described with reference to FIG. 8. In FIG. 
value, 313 is an oscillator for generating a carrier wave, 8, the same reference numerals as those in FIG. 6 repre- 
and 314 is a quadrature modulator for modulating the 45 sent the same or corresponding parts in the conven- 
carner wave outputted from the oscillator 313 by the tional apparatus, and the explanations thereof are omit- 
output of the D/A converter 312. ted here. 

Reference numeral 315 is a quadrature demodulator Reference numeral 322 is a temperature sensor for 
for demodulating a part of the output taken out from the detecting a temperature which has strong correlation 
output of the afore-mentioned power amplifier 400 by 50 with the non-linearity of the power amplifier 400 Ref- 
the afore-mentioned coupler 401, and 316 is an analog- . erence numeral 321 is a controller for outputting, based 
to-digital converter (hereinafter referred to as an A/D on the temperature read by the temperature sensor 322 
converter) for converting an analog value outputted a selecting signal for selecting an optimum value as an 
from the quadrature demodulator 315 into a digital initial value for the distortion compensation, for con- 
value. Reference numeral 317 is a subtracting circuit 55 trolling the write operation to the. RAM 310 and for 
which k comparing means for subtracting the output of effecting a switching control of a write-data switching 
the A/D converter 316 from the afore-mentioned sam- unit 324 for selecting data to be written into the RAM 
pled values 30a and 306, 318 is a correcting amount 310. Reference numeral 323 is an initial-value memory 
generating circuit for calculating, based on the output storage for storing one or more of initial values for 
of the subtracting circuit 317, an amount for correcting 60 distortion compensation, and for outputting an initial 
the contents m the afore-mentioned RAM 310, and 319 value designated by the controller 321 to the write-data 
is a calculating circuit for adding the output of the cor- switching unit 324. Reference numeral 324 is the write- 
recting amount generating circuit 318 and the output of data switching unit controlled by the controller 321 for 
the afore-mentioned RAM 310, or for subtracting the selecting either one of the output of the calculating 
output of the correcting amount generating circuit 318 65 circuit 319 and the output of the initial value memory 
from the output of the afore-mentioned RAM 310, and, storage 322 to output to the RAM 310 
based on the output, for adaptively rewriting the con- Next, the operation of the apparatus shown in FIG 8 
tents in the RAM 310. will be described. Here, since the basic operation is 
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similar to the one m the apparatus according to the age 323. This operation is called "training". By training 

embodiment 1, the explanation thereof is omitted. The as described above, a further improved distortion oom- 

wnte control in the RAM 310 is mainly described. Im- pensation can be attained. 

mediately before starting the operation of the distortion When the above-described embodiment employing 

compensating circuit 302 and the power amplifier 400, 5 the training process is applied to a transmitter, by con- 

the temperature sensor 322 detects a temperature of the necting the output of the transmitter to a dummy load 

power amplifier 400 and outputs temperature data 34 to during the training period, the output energy of the 

the controller 32L The temperature of the power ampli- power amplifier is consumed by the dummy load during 

fier 400 is strongly correlated with the nonlinear distor- the training period in which the transmitted radio wave 

tion characteristic of the power amplifier 400. Based on 10 has a large distortion. As a result, the transmission is 

the temperature data 34, the controller 321 outputs a effected only during a period in which the distortion is 

signal for selecting a distortion compensating initial small. Thus, there is an effect in that a radio wave hav- 

value which is optimum for the detected temperature to ing a large distortion needs not to be transmitted, 

the initial value memory storage 323. The initial value From the foregoing description, it will be apparent 

memory storage 323 previously stores initial values 15 that, according to the first aspect of the present inven- 

optimum for respective temperature ranges of, for ex- tion, since the distortion compensating circuit com- 

ample, -10" C. to 20° C, 20 fl C. to 50° C, and so forth. prises initial value setting means for setting an initial 

In response to the selecting signal 35 from the controller value of distortion compensating data in a memory 

321, the initial value memory storage 323 selects an storage, and the initial value is sufficient to compensate 

initial value and outputs it to the write-data switching 20 the distortion, the convergence time of the distortion 

unit 324. The write-data switching unit 324 selects the compensating effect can be shortened, 

output of the initial value memory storage 323 before According to the second aspect of the present inven- 

starting the operation of the distortion compensating tion, since the initial value is the distortion compensat- 

circuit After the initial value is written into the RAM ing data generated at the end of the previous operating 

310, the controller 321 controls the write-data switch- 25 period of the distortion correcting means, The conver- 

ing unit 324 so that the write-data switching unit 324 gence time of the distortion compensating effect can be 

selects the output of the calculating circuit 319. shortened in accordance with the previously generated 

Embodiments <^^on<*mpeT^g dztz. 

According to the third aspect of the present uiven- 

A distortion compensating circuit according to still 30 tion, since the initial value is determined by any combi- 

another embodiment of the present invention will be nation of a temperature, an amplification degree, an 

described. The circuit construction of the distortion output level, a power supply voltage, an output impe- 

compensating circuit of this embodiment is the same as dance, and an input impedance of the amplifier, the 

the that shown in FIG. 8. The difference between the convergence time of the distortion compensating effect 

above-mentioned embodiment 2 and this embodiment is 35 can be shortened in accordance with any combination 

that, in this embodiment, the initial value memory stor- of the circumferential temperature, the amplification 

age 323 stores distortion compensating initial values degree, the output level, the power supply voltage, the 

which are optimum not only for the respective tempera- output impedance, and the input impedance of the am- 

ture ranges but also for respective amplification de- plifier. 

grees, for example, 0.1 w to 1 w, 1 w to 5 w, and so 40 What is claimed is: 

forth. In operation, as shown in FIG. 9, before starting 1. A distortion compensating circuit for compensat- 

the distortion compensating operation and the amplifi- ing a nonlinear distortion generated in an amplifier for 

cation operation, the optimum initial value is selected amplifying a signal modulated by a base band signal, 

from the initial-value memory storage 323 and is written comprising: 

into the RAM 310 at a time Tl immediately before the 45 distortion correcting means that is intermittently op- 
start of the distortion compensating operation at a time erated, including a memory storage for storing 

distortion compensating data for compensating the 

In the above-described embodiment, the initial values nonlinear distortion in the output of said amplifier, 

depend on temperatures and amplification degrees as and a subtracter for subtracting said distortion 

parameters, however, as parameters deeply correlated 50 compensating data in said memory storage from 

to the distortion characteristic of the power amplifier said base band signal to output a corrected base 

400, there are a power supply voltage of the power band signal; 

amplifier (in an apparatus mounted in a car, the power a modulator for modulating a carrier signal by said 

supply voltage largely fluctuates between 9 v and 16 v, corrected base band signal outputted from said 

and, in order to save energy, the power amplifier is 55 distortion correcting means to output a modulated 

usually operated with the fluctuating power supply signal to said amplifier, a demodulator for demodu- 

voltage), an output impedance of the power amplifier, lating a part of the signal outputted from said mod- 

an input impedance of the power amplifier, an input ulator; 

level of the power amplifier, and so forth. Under the comparing means for comparing the demodulated 
condition in which these parameters are combined, it 60 signal outputted from said demodulator with said 
may also be possible, according to an embodiment of base band signal to output said distortion compen- 
the present invention, to carry out a distortion compen- sating data to said memory storage; and 
sating operation until the distortion compensating effect initial value setting means for setting an initial value 
converges to a certain value, and then the distortion of said distortion compensating data in said mem- 
compensating data, stored in the RAM 310 when the 65 ory storage, said initial value being sufficient to 
convergence of the distortion compensating effect is compensate the nonlinear distortion, 
completed, is stored as initial value data of the combina- 2. A distortion compensating circuit as claimed in 
tion of the parameters in the initial value memory stor- claim 1, wherein said initial value is the distortion com- 
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pensating data generated at the end of the previous 
operating period of said distortion correcting means. 

3. A distortion compensating circuit as claimed in 
claim 1, wherein said initial value is determined by a 
temperature of said amplifier. 

4. A distortion compensating circuit as claimed in 
claim 1, wherein said initial value is determined by an 
amplification degree of said amplifier. 

5. A distortion compensating circuit as claimed in 
claim 1, wherein said initial value is determined by an 
output level of said amplifier. 
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15 



6. A distortion compensating circuit as claimed in 
claim 1, wherein said initial value is determined by a 
power supply voltage of said amplifier. 

7. A distortion compensating circuit as claimed in 
claim 1, wherein said initial value is determined by an 
output impedance of said amplifier. 

8. A distortion compensating circuit as claimed in 
claim 1, wherein said initial value is determined by an 
input impedance of said amplifier. 

9. A distortion compensating circuit as claimed in 
claim 1, wherein said initial value is determined by any 
combination of a temperature, an amplification degree, 
an output level, a power supply voltage, an output im- 
pedance, and an input impedance of said amplifier. 
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